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Abstract

In order to investigate the characteristics of the photonic crystal sensor for liquid concentration
detection, in this paper, two-dimensional triangular lattice photonic crystal material silicon (Si) is
chosen as the base, in which a solution with different mass mole concentrations is filled in the air
hole to calculate the band gap of the photonic crystals with different polarization modes. The
theoretical foundation of the frequency position center of photonic band gap is given. In addition,
the relationship between the frequency position of the band gap center and the concentration of
the methanol-water solution to be measured are calculated by using the planar wave expansion
method and the existing simulation data. The simulation results imply that there is a positive
proportional linear relationship between the concentration of the methanol-water solution and
the center frequency of the photonic band gap. In this work, the range of solution concentration is
0.05~0.60 mol/L, and the linear fitting of the band gap position produced by different structures is
obtained, and the final fitting formula is found, which indicates that the concentration of methanol
solution is linear relationship with the center frequency of the band gap.
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Figure 1. Section of triangular lattice 2D photonic crystal correspondence Brillouin zones
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Table 1. The dielectric constant of the Methanol solutions of different molar concentration and lattice structure (293.15 K)
= 1. PRIERRENREE - KRR N B EHEMTEFHE293.15 K)

Mole fraction Concentration Dielectric The maximum Percentage of The maximum
of Methanol of Methanol constant band gap width relative band gap width

0.05 0.085664 76.058 Gap = 0.084~0.104 A=21.4%

0.10 0.165129 72.270 Gap = 0.086~0.106 A=20.8%

0.20 0.307971 65.580 Gap =0.090~0.110 A=19.7%

0.30 0.432753 59.670 Gap = 0.094~0.114 A =18.6%

0.40 0.542697 54.700 Gap = 0.098~0.117 A=17.5%

0.60 0.727532 46.220 Gap = 0.106~0.124 A=151%

Triangular Lattice (ea=59.67, eb=11.7, R=0.35)

Triangular Lattice (ea=59.67, eb=11.7, R=0.35)
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Figure 2. Dispersion diagram of the Triangular lattice (a)TE mode (b) TM mode
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Figure 3. Linear fitting curve of methanol solution; (a) Relationship between Molfraction of methanol and dielectric con-
stant; (b) Relationship between the maximum band gap width and the concentration of methanol solution
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